INTRODUCTION
============

Even after reaching the low-density lipoprotein (LDL) cholesterol target level through optimal statin treatment in high-risk patients, residual cardiovascular event (CVE) risk persists.[@B1] Some investigators have suggested that apolipoprotein B (apoB) may be superior to LDL as a predictor of cardiovascular disease (CVD).[@B2][@B3] In addition to LDL, cholesterol-enriched very low-density lipoprotein (VLDL) and intermediate-density lipoprotein (IDL) particles have been shown to also be atherogenic.[@B4] apoB 100 is also found in remnant cholesterol (VLDL and IDL cholesterol), in addition to LDL. Thus, apoB level may reflect total atherogenic cholesterol particles (LDL, VLDL, and IDL). Measurement of apoB more accurately predicts cardiovascular risk than LDL, especially in atherogenic dyslipidemia, which is characterized by relatively normal LDL in patients with diabetes and metabolic syndrome. Many clinical guidelines recommend apoB as a secondary target.[@B5][@B6][@B7][@B8] The European Society of Cardiology/European Atherosclerosis Society (ESC/EAS) recommends that apoB should be considered an alternative risk marker, especially in type 2 diabetes, metabolic syndrome, or chronic kidney disease. The American Association of Clinical Endocrinologist (AACE) recommends that apoB be measured in patients with established coronary artery disease, type 2 diabetes, or insulin resistance syndrome. However, serum apoB level is not routinely measured because of the additional cost. Recently, we developed a new equation to estimate serum apoB (apoBE) from total cholesterol (TC), triglyceride (TG), and high-density lipoprotein (HDL) cholesterol levels.[@B9] However, despite the strong approximation with directly-measured apoB, it is still uncertain whether apoBE has clinical relevance in association with cardiovascular surrogate markers or CVD itself. Therefore, the aim of this study was to validate the clinical relevance of apoBE and to compare the performance of the equation with conventional lipid measurements and directly-measured apoB.

MATERIALS AND METHODS
=====================

Study population
----------------

A detailed description of the study design has been published previously.[@B9] Briefly, study subjects were recruited from patients who visited the Health Screening Center at Kangbuk Samsung Hospital between January and December 2009 for routine medical examinations (n=78125). In the analysis of coronary calcium score (CCS), we recruited study subjects from the same institution between January 2007 and December 2010 (n=16493).

Ethics, consent, and permission
-------------------------------

The study protocol and data analysis were approved by the Institutional Review Board of Kangbuk Samsung Hospital. Since the data did not include any personal information, the Board determined that the study was exempt from the need for informed consent from study participants.

Clinical and laboratory examination
-----------------------------------

All blood samples were obtained in the morning following an overnight fast of 12 to 14 hours. Serum TC, TG, HDL, and directly-measured LDL levels were determined using an auto-analyzer (Advia 1800, Siemens, Berlin, Germany). Serum apoB and apoA-I concentrations were determined using immunoturbidimetric methods (Advia 2400, auto-analyzer; Siemens), with inter-assay coefficients of variation (CVs) of 2.1--6.1 and 1.8--4.8%, respectively. High-sensitivity C-reactive protein (hs-CRP) was analyzed using particle-enhanced immunonephelometry with a BNIITM System (Dade Behring, Marburg, Germany) with a lower detection limit of 0.175 mg/L. To measure CCS, a 64-slice multi-detector computed tomography scanner (Lightspeed VCT XTe-64 slice, GE Healthcare, Milwaukee, WI, USA) was used. A standard scanning protocol was employed: 32×0.625-mm section collimation, 400-msec rotation time, 120-kV tube voltage, and 31-mAS (310 mA\*0.1 sec) tube current under electrocardiographic-gated dose modulation. The Agatston scoring method was used to quantify CCS,[@B10] which was positively skewed with 95% of patients having a zero value. Therefore, coronary calcification was defined as the presence of any calcium (CCS\>0). A single morning voided urine sample at baseline was used to measure the urinary albumin creatinine ratio (UACR) (µg mg^-1^). The urinary albumin concentration was determined with immune-radiometry (Radio-immunological competition assay, Immunotech Co., Prague, Czech Republic), and urinary creatinine concentration was measured using the modified Jaffe method. The CVs were intra-assay 1--6% and inter-assay \<10% for urine albumin and urine creatinine assays, respectively. The presence of albuminuria was defined as a UACR greater than 30 µg mg^-1^.

Calculation of clinical parameters
----------------------------------

Estimation of LDL was calculated using the Friedewald formula: Calculated LDL=TC-HDL-TG/5.[@B11] Framingham risk score was calculated using the most recent version of the scale. Ten-year risk of a CVD event with a Framingham risk score ≥10% was classified as "more than moderate risk."[@B12]

apoBE was calculated using the formula developed from our previous model 2:[@B9]

apoBE=0.65×TC-0.59×HDL+0.01×TG, TG≤270,

apoBE=25.6+0.58×TC-0.38×HDL-0.06×TG, TG\>270.[@B9]

Statistical analysis
--------------------

Spearman correlation coefficients between serum hs-CRP and apoBE were calculated using partial correlation analysis. These correlations were adjusted by age, sex, and body mass index (BMI). To assess the associations with cardiovascular surrogate markers, apoBE, and lipid parameters, we performed a multivariate logistic regression analysis using R version 2.14.2 (<http://www.r-project.org>). *p*\<0.05 were considered statistically significant.

RESULTS
=======

Baseline characteristics of study participants were showed in [Table 1](#T1){ref-type="table"}. [Table 2](#T2){ref-type="table"} shows the association between the apoBE and hs-CRP. apoBE was significantly correlated with serum hs-CRP level {r=0.18 \[95% confidence interval (CI), 0.18--0.19\]} after adjustment for age, sex, and BMI, and this association was stronger than that of estimated LDL from the Friedewald equation \[r=0.11 (95% CI, 0.10--0.12)\] or directly-measured LDL \[r=0.14 (95% CI, 0.13--0.14)\]. However, directly-measured apoB showed a stronger association with serum hs-CRP than estimated apoB \[0.22 (95% CI, 0.21--0.22) vs. 0.18 (95% CI, 0.18--0.19)\].

Next, we determined whether apoBE was more associated with a Framingham risk score indicating more than moderate risk (10-year risk ≥10%), microalbuminuria, and coronary artery calcium ([Table 3](#T3){ref-type="table"}) through multivariate binary logistic regression analysis. apoBE was associated with Framingham risk score more than moderate risk, presence of microalbuminuria, and presence of coronary artery calcium \[odds ratio (OR) per 1 standard deviation (SD); 3.02 (95% CI, 2.75--3.27), 1.31 (1.21--1.41), and 1.33 (1.26--1.41), respectively\]. In addition, the association was stronger than those of estimated LDL \[OR per 1 SD 3.02 (2.75--3.27) vs. 1.98 (1.82--2.16) for Framingham risk score indicating more than moderate risk, 1.31 (1.21--1.41) vs. 1.04 (0.99--1.13) for the presence of microalbuminuria, 1.33 (1.26--1.41) vs. 1.21 (1.14--1.27) for the presence of CCS, respectively\]. The association was comparable to those of directly-measured serum apoB \[OR ratio per 1 SD 3.02 (2.75--3.27) vs. 2.70 (2.42--3.02) for Framingham risk score indicating more than moderate risk, 1.31 (1.21--1.41) vs. 1.35 (1.25--1.45) for the presence of microalbuminuria, 1.33 (1.26--1.41) vs. 1.31 (1.23--1.38) for the presence of CCS, respectively\].

These findings were also consistently observed in subgroup analysis for subjects with type 2 diabetes. apoBE was more highly correlated with hs-CRP \[r=0.226 (95% CI, 0.207--0.245)\] than with LDL estimated by the Friedewald equation \[r=0.119 (95% CI, 0.098--0.139)\] or directly-measured LDL \[r=0.164 (95% CI, 0.145--0.185)\] and was comparable with directly-measured apoB \[r= 0.258 (95% CI, 0.283--0.323)\] ([Table 4](#T4){ref-type="table"}). apoBE was strongly associated with a Framingham risk score indicating more than moderate risk and the presence of microalbuminuria \[OR ratio per 1 SD 3.01 (2.44--3.72) and 1.30 (1.13--1.50), respectively\]. However, apoBE was not associated with the presence of coronary artery calcium \[OR per 1 SD 1.06 (0.89--1.27)\] ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

In this study, we compared apoBE with directly-measured apoB, estimated LDL, and directly-measured LDL to investigate their associations with CV surrogate markers in order to validate a previously reported apoBE equation. apoBE had a similar association with directly measured apoB for CV surrogate markers. apoBE had a stronger association with CV surrogate markers than estimated or directly-measured LDL. We validated our equation in three ways. First, we compared the association of estimated apoB with CV surrogate markers to that of LDL and directly-measured apoB in this study. Second, we investigated whether estimated apoB could predict CVEs in a low CV risk group with community cohort (PMID 27310947).[@B13] Third, we are currently investigating whether estimated apoB can predict CVEs in a high CV risk group \[Treating to New Targets (TNT)/Incremental Decrease in End Points Through Aggressive Lipid Lowering (IDEAL) study data\].

Chylomicrons, VLDL, and IDL in addition to LDL are also atherogenic in several studies.[@B14][@B15][@B16] Remnant cholesterol, like LDL, penetrates to intima of the arterial wall. This causes inflammation of the arterial wall and consequent atherosclerosis. In clinical studies, remnant cholesterol was shown to be a predictor of ischemic heart disease.[@B4] Apolipoprotein is the main surface protein found on all beta-lipoproteins. Since there is a single molecule of apoB on each of these apolipoproteins, the apoB level reflects total atherogenic lipid particle numbers, especially in atherogenic dyslipidemia, characterized by relatively normal cholesterol level with increased small density LDL particles numbers. Accordingly, it has been reported that apoB level can be used to predict cardiovascular events.

hs-CRP, microalbuminuria, Framingham score, and CCS are surrogate markers of CVEs.[@B17][@B18][@B19][@B20] In this study, apoBE was correlated with these surrogate markers. Furthermore, these associations were directly comparable to measured apoB, except that of hs-CRP. apoBE had stronger associations with these surrogate markers than with LDL. These findings are observed not only in apparently healthy people, but also in subjects with type 2 diabetes, which is characterized by atherogenic lipid profiles. In some studies, TG and LDL have been reported as risk factors for microalbuminuria.[@B21][@B22] In our study, apoB and apoBE were more potent risk factors for microalbuminuria than estimated or directly-measured LDL. Previous studies did not evaluate the association between apoB and microalbuminuria.

Prenner, et al.[@B23] reported that VLDL is associated with coronary artery calcification in type 2 diabetes.[@B24] Because apoB is the primary apolipoprotein of VLDL, this study was consistent with our findings. And the Triglyceride Coronary Disease Genetics Consortium and Emerging Risk Factors Collaboration group found a causal association between TG-mediated pathways and coronary heart disease through a genetic variant study that regulated TG concentration.

The Friedewald equation has been widely used for estimation of LDL. The Friedewald equation and our equation use the same variables (TC, LDL, and TG) and are both linear equations. However, the results of our equation (apoBE) were more closely associated with cardiovascular surrogate markers than were the results of the Friedewald equation (estimated LDL). Moreover, while the Friedewald equation cannot be applied when TG is high, the equation that we proposed can be used in such a situation.

Two other equations have been developed to estimate apoB from routine lipid profiles.[@B25][@B26] While we use three conventional lipid variables (TC, HDL, and TG) for estimation of apoB, similar to the Friedewald equation, two other groups use two variables for this estimation. Cho, et al.[@B25] used directly-measured LDL and TG, and Hermans, et al.[@B26] used TC and HDL. However, those two studies did not demonstrate clinical relevance. Additionally, the sample size of the study conducted by Hermans, et al.[@B26] (n=45) was not large, and Hermans, et al.\'s equation was developed from only type 2 diabetes patients. We verified the clinical relevance of our equation in a general population and a population with type 2 diabetes.

Currently, LDL is not routinely directly measured in national health screening programs due to cost; instead, it is measured in those with TG levels higher than 400 mg/dL. LDL can be calculated from TC, TG, and HDL. Our equation to estimate apoB uses the same variables as the Friedewald equation (TC, TG, and HDL). Currently, several guidelines recommend apoB measurement, particularly in metabolic syndrome and type 2 diabetes patients. A considerable proportion of national health screening program participants exhibit indications for apoB measurement. If we could co-automatically calculate apoBE when automatically calculating LDL, it would provide useful additional information. apoB is a secondary target in treatment of dyslipidemia. Estimating apoB using conventional lipid profiles would be cost-saving and provide additional value, especially in atherogenic dyslipidemia patients.

The present study has several limitations. First, because it was a cross-sectional study, we could not infer causal relationships. Second, subjects were chosen from a population of patients that received routine medical examinations and were likely not representative of the general population. Our study subjects also did not represent the population for which apoB measurement is indicated, specifically those with metabolic syndrome, diabetes, or at high risk for CVEs. Fourth, CCS was obtained from a different study population than that from which other cardiovascular surrogate markers (hs-CRP, Framingham risk score, and urine microalbumin) were obtained, because a very small number of subjects underwent CCS measurement in the same year.

In conclusion, apoBE was associated with hs-CRP, Framingham risk score indicating more than moderate risk, and coronary risk calcium score. The association between these surrogate markers and apoBE was comparable to those of directly-measured apoB. apoBE had stronger associations with cardiovascular surrogate markers than did estimated or directly-measured LDL. A longitudinal study of the relationships between CVEs and apoBE is needed.
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###### Baseline Characteristics of the Study Participants

![](ymj-58-975-i001)

                                     Total (n=78125)   Male (n=58041)   Female (n=20084)
  ---------------------------------- ----------------- ---------------- ------------------
  Age (yr)                           42.68±8.79        42.72±8.48       42.62±9.22
  Sex (%)                            100.00            74.29            25.71
  BMI (kg/m^2^)                      23.55±3.16        24.45±2.93       22.24±3.03
  Systolic blood pressure (mm Hg)    114.33±12.31      116.38±11.55     111.33±12.76
  Diastolic blood pressure (mm Hg)   74.36±8.94        75.85±8.53       72.20±9.09
  Glucose (mg/dL)                    96.37±16.09       98.29±17.41      93.60±13.49
  Insulin (uIU/mL)                   10.02±3.12        10.17±3.26       9.81±2.91
  Total cholesterol (mg/dL)          195.90±33.81      198.99±33.70     191.44±33.46
  Triglycerides (mg/dL)              127.17±85.51      149.04±94.65     95.58±56.97
  HDL cholesterol (mg/dL)            55.63±13.05       51.61±11.04      61.43±13.53
  apoA-I (mg/dL)                     147.62±21.36      144.00±20.09     153.09±22.07
  Directly measured LDL (mg/dL)      113.63±30.12      118.25±29.80     106.92±29.30
  Estimated LDL (mg/dL)              114.83±30.31      117.56±30.61     110.89±29.44
  Directly measured apoB (mg/dL)     96.37±22.85       101.20±22.15     89.05±21.92
  apoBE (mg/dL)                      95.42±22.09       99.82±21.49      89.05±21.38

BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; apo, apolipoprotein.

###### Correlations between Lipid Measurement and hs-CRP

![](ymj-58-975-i002)

                           hs-CRP (n=78125)
  ------------------------ -----------------------
  Total cholesterol        0.11 (0.10--0.17)
  Triglyceride             0.22 (0.22--0.23)
  HDL cholesterol          −0.22 (−0.23-- −0.21)
  apoA-I                   −0.11 (−0.1-- −0.10)
  Estimated LDL            0.11 (0.10--0.12)
  Directly-measured LDL    0.14 (0.13--0.14)
  apoBE                    0.18 (0.18--0.19)
  Directly-measured apoB   0.22 (0.21--0.22)

hs-CRP, high-sensitivity C-reactive protein; HDL, high-density lipoprotein; apo, apolipoprotein; LDL, low-density lipoprotein; apoBE, estimated apolipoprotein B.

Adjusted for age, sex, and body mass index. All *p*\<0.05.

###### Associations between Lipid Measurements and Cardiovascular Surrogate Markers in Multivariate Logistic Regression Analysis
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                           Framingham risk score ≥moderate risk (n=79011)   Albumin creatinine ratio ≥30 mg/g creatinine (n=10776)   Agatston coronary calcium score ≥1 (n=16493)
  ------------------------ ------------------------------------------------ -------------------------------------------------------- ----------------------------------------------
  Age                      6.66 (6.14--7.23)                                1.34 (1.26--1.42)                                        2.02 (1.92--2.13)
  Female sex               0.01 (0.01--0.03)                                0.77 (0.65--0.90)                                        0.27 (0.22--0.34)
  Body mass index          1.49 (1.39--1.60)                                1.62 (1.50--1.75)                                        1.32 (1.26--1.39)
  Fasting serum glucose    1.28 (1.24--1.33)                                1.38 (1.32--1.45)                                        1.31 (1.26--1.37)
  Fasting serum insulin    1.16 (1.07--1.25)                                1.39 (1.30--1.49)                                        1.13 (0.93--1.37)^\*^
  Total cholesterol        2.33 (2.14--2.54)                                1.27 (1.18--1.37)                                        1.28 (1.22--1.36)
  Triglyceride             1.50 (1.43--1.57)                                1.41 (1.33--1.49)                                        1.20 (1.14--1.25)
  HDL cholesterol          0.31 (0.26--0.35)                                0.85 (0.78--0.93)                                        0.87 (0.82--0.93)
  apoA-I                   0.48 (0.42--0.55)                                1.07 (0.99--1.16)^\*^                                    0.97 (0.91--1.02)^\*^
  Estimated LDL            1.98 (1.82--2.16)                                1.04 (0.99--1.13)^\*^                                    1.21 (1.14--1.27)
  Directly-measured LDL    2.09 (1.91--2.28)                                1.15 (1.06--1.24)                                        1.27 (1.20--1.34)
  apoBE                    3.02 (2.75--3.27)                                1.31 (1.21--1.41)                                        1.33 (1.26--1.41)
  Directly-measured apoB   2.70 (2.42--3.02)                                1.35 (1.25--1.45)                                        1.31 (1.23 1.38)

OR, odds ratio; SD, standard deviation; CI, confidence interval; HDL, high-density lipoprotein; apo, apolipoprotein; LDL, low-density lipoprotein; apoBE, estimated apolipoprotein B.

All *p*\<0.05 except asterisk.

^\*^Indicates no statistical significance.

###### Correlations between Lipid Measurements and Cardiovascular Disease Surrogate Markers in Patients with Diabetes
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                           hs-CRP (n=9084)
  ------------------------ --------------------------
  Total cholesterol        0.159 (0.139--0.177)
  Triglyceride             0.275 (0.254--0.294)
  HDL cholesterol          −0.229 (−0.247-- −0.210)
  apoA-I                   −0.095 (−0.115-- −0.074)
  Estimated LDL            0.119 (0.098--0.139)
  Directly-measured LDL    0.164 (0.145--0.185)
  apoBE                    0.226 (0.207--0.245)
  Directly-measured apoB   0.258 (0.239--0.279)

hs-CRP, high-sensitivity C-reactive protein; HDL, high-density lipoprotein; apo, apolipoprotein; LDL, low-density lipoprotein; apoBE, estimated apolipoprotein B; CI, confidence interval.

Adjusted for age, sex, and body mass index. All *p*\<0.05.

###### Associations between Lipid Measurements and Cardiovascular Disease Surrogate Markers in Multivariate Logistic Regression Analysis for Patients with Diabetes
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                           Framingham risk score ≥moderate risk (n=9532)   Albumin creatinine ratio ≥30 mg/g creatinine (n=1937)   Agatston coronary calcium score ≥1 (n=633)
  ------------------------ ----------------------------------------------- ------------------------------------------------------- --------------------------------------------
  Age                      6.13 (5.14--7.30)                               1.46 (1.29--1.65)                                       1.86 (1.54--2.24)
  Female sex               0.05 (0.02--0.12)                               0.60 (0.44--0.82)                                       0.20 (0.09--0.44)
  Body mass index          1.42 (1.24--1.62)                               1.76 (1.51--2.04)                                       0.96 (0.81--1.13)^\*^
  Fasting serum glucose    1.48 (1.35--1.63)                               1.84 (1.64--2.07)                                       1.00 (0.84--1.17)^\*^
  Fasting serum insulin    1.31 (1.07--1.60)                               1.57 (1.36--1.82)                                       2.04 (0.63--6.60)^\*^
  Total cholesterol        2.31 (1.93--2.76)                               1.25 (1.09--1.42)                                       1.05 (0.88--1.25)^\*^
  Triglyceride             1.54 (1.40--1.71)                               1.58 (1.39--1.81)                                       1.06 (0.89--1.26)^\*^
  HDL                      0.33 (0.24--0.44)                               0.83 (0.70--0.98)                                       0.86 (0.71--1.04)^\*^
  apoA-I                   0.47 (0.36--0.62)                               1.14 (1.00--1.32)^\*^                                   0.89 (0.74--1.07)^\*^
  Estimated LDL            1.90 (1.57--2.30)                               0.97 (0.84--1.12)^\*^                                   1.04 (0.87--1.24)^\*^
  Directly-measured LDL    2.08 (1.71--2.52)                               1.11 (0.97--1.28)^\*^                                   1.05 (0.88--1.26)^\*^
  apoBE                    3.01 (2.44--3.72)                               1.30 (1.13--1.50)                                       1.06 (0.89--1.27)^\*^
  Directly-measured apoB   2.73 (2.16--3.44)                               1.31 (1.15--1.50)                                       1.11 (0.92--1.33)^\*^

OR, odds ratio; SD, standard deviation; CI, confidence interval; HDL, high-density lipoprotein; apo, apolipoprotein; LDL, low-density lipoprotein; apoBE, estimated apolipoprotein B.

All *p*\<0.05 except asterisk.

^\*^Indicates no statistical significance.
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